One way of improving technical and economic indices for producing aluminum is the creation and use of new materials with improved operating properties. This has become possible due to opening up new forms of substance organization in the fi eld of the nanometric range. Components with a size of less than 100 nm have fundamentally new qualities and make it possible to accomplish their integration into complete large scale functional systems.
From analysis of work for modifi cation [1, 2, 4, [7] [8] [9] [10] , it follows that the metallurgical industry is fi nding more use of carbon nano-objects: graphene planes, fullerenes, nanotubes of different types, and ceramic based on zirconium dioxide: ZrO 2 -Y 2 O 3 , ZrO 2 -MgO, ZrO 2 -CaO. It is noted that use of innovative products leads to a change in electron structure, conductivity, reaction capacity, melting temperature, and mechanical properties.
In this work, IRNITU research is presented at the junction of metallurgy, nanomaterials, and ecology. Taking account of theoretical concepts and known practice for gray cast iron modifi cation [7, 10] , results are considered for study of new ultrafi ne modifi er with a high carbon content.
Raw material for preparing modifying additive. Production of primary aluminum is connected with the formation of solid and gaseous contaminants. The ecological situation in regions of location of a number of aluminum plants often does not correspond to contemporary specifi cations for ecology, and in view of this development and introduction of methods for effective decontamination and utilization of industrial waste remains an important task.
Depending on the type of electrolyzer and conditions and level of its operation, the volume and composition of solid industrial waste and dust and air mixture (DAM) may vary considerably. As an example, in the gas phase of a DAM there is hydrogen fl uoride, sulfur dioxide, carbon monoxide, and above 70ºC in the gas phase there is also polycyclic aromatic hydrocarbons (PAH). In the solid phase (electrolyzer dust), there are poorly dissolved inorganic fl uorides, (aluminum fl uoride, cryolite), alumina, carbon, and with use of self-fi ring anodes there are resin substances containing condensed PAH [9] .
In studying reasons for contaminant formation and method for effective decontamination and utilization, the authors have recorded that alumina, passing through a dry gas cleaning system, electrolysis dust with from electric fi lters, and carbon foam, contain nanostructures based on carbon of 0.01-0.1 wt.%, which form in various stages of electrolysis from anode carbon (Fig. 1) .
In the opinion of the authors, taking account of the mechanism for nanocarbon tube synthesis [8] during electrochemical destruction of the anode surface there is possible separation of individual single or multilayer graphene planes with subsequent rolling up into nanotubes. Another possible mechanism for forming carbon nanotubes is gas pyrolysis, separated during formation of a self-fi ring anode. It should be noted that during electrolysis there is partial anode carbon oxidation that leads to enrichment of carbon nanotubes more resistant to oxidation.
Technology for separation of original raw material and carbon phases in order to obtain a carbon nanostructure concentrate is simple and based on the effect of different substance particle size. Pulp formed with a fi nely dispersed suspension of carbon particles is treated with ultrasound in order to disperse carbon formations and it is concentrated by centrifuging.
Products of anode breakdown enter molten electrolyte and are extracted during electrolyzer treatment. The material extracted. i.e., carbon foam, is a mechanical mixture containing 10-40% carbon and 40-50% fl uorine salts (cryolite and chiolite). The greatest carbon content in carbon foam is from electrolyzers with upper (UC) and side conductors (SC) compared with electrolyzers with a previously fi red anode (FA) [2] , which is due to different processes of anode formation and fi ring.
Taking account of experience of utilizing foam [4] , a technology has been developed for extracting carbon nanoparticles from carbon foam, The technology includes preliminary operations; dispersion of carbon foam to a uniform mass and extraction of fl uorine compounds from the overall mass to a residual content of less than 0.2 wt.%, then the carbon residue is treated hydrochemically and by a high temperature method.
One of the most effective methods for removing dust from gas is dust capture in an electrostatic fi eld. The process of dust deposition with an electric fi lter occurs with passage of dusty gas through a nonuniform electric fi eld created by electrodes with a considerable difference in potential. On shaking electrodes, the captured dust falls into a bunker, whence it is removed to a dust discharge system.
Electrolyzer dust is conglomerates of solid particles having a size from submicron to several tens of microns with complex chemical and phase composition. Dust concentration in the DAM removed from covers of electrolyzers depends on its type. In gases removed from electrolyzers with previously fi red electrodes, dust content is 250-500 mg/m 3 , with UC it is 600-1500 mg/m 3 , and with SC it is 200-400 mg/m 3 [9] . Dust from UC electrolyzers contains roughly 40% fl uorine salts, 20% resin substances, 15-20% carbon, and 20-30% alumina. Dust in gases from SC electrolyzers contains 45% alumina, 25-30% fl uorine salts, 11% carbon, and 16% resin substances. In dust from FA there is 60% alumina, 25% fl uorine salts, 15% carbon, and resin substance are absent as a rule. Fluorinated alumina. Currently in aluminum plants there is extensive introduction of dry gas cleaning systems for electrolysis waste gases. Within a dry gas cleaning system (DGS), alumina is used for removing gaseous and solid fl uorides, SO 2 , and other anode gas impurities. In practice, original alumina is added to a stream of anode gases, it mixes and reacts with them. Then the reacted (secondary) alumina is separated from gas by means of bag fi lters and fed to an electrolyzer.
From the practice of operating DGS in overseas and domestic plants, it is known that for fl uorinated alumina there is typical variation of grain size composition, natural angle of repose, particle surface area, and a number of other parameters. There is an increase in impurity concentration, whose content in the original alumina is controlled by GOST 30558-98.
It is well known that an increase in content of standard impurities in metallurgical alumina has a marked effect on quality of the aluminum obtained, it destabilizes electrolyzer technology, and reduces the technical and economic indices of the process. In fact, repeated recycling of impurities in electrolyte-waste-gas-absorbent-electrolyte cycle gives rise to an increase in concentration of Fe, Ti, Cl, K, and S in molten cryolite-alumina after 6 months of DGS system functioning.
Analysis of the chemical composition of original and fl uorinated alumina has shown that alumina after gas cleaning and in relation to electrolyzer type is saturated up to 1-2 wt.% with fl uorine compounds, and also resin distillates. The greatest carbon content in fl uorinated alumina is noted in electrolyzers with SC compared with electrolyzers with TC, and more so with FA [3] .
In developing a cleaning method for fl uorinated alumina from impurities, an important aspect having a negative effect on electrolysis is distribution of ingredients of dust and gas emission with respect to absorbent fractions, having different size. In view of this, the concentration distribution of impurities with respect to fractions of alumina ±50 μm is considered after passage of a DGC system [2] . Analysis of samples showed that saturation of alumina with components (coarse and fi nely dispersed adsorbents) of dust and gas mixture differ in principle. Fine adsorbent fractions are enriched by all of the impurities studied, with the exception of sulfur, the degree of whose capture does not depend in alumina particle size. It is noted that with a fraction content (-50 μm) of 46% the concentration of carbon, iron, and fl uorine reaches 80%.
Modifi er represented by black powder, consisting of dispersed graphitized carbon containing 0.20 wt.% amorphous carbon (in the form of nanotubes). The structure of nanotubes is extended, single-layer, cylindrical with a diameter of 10 nm and length up to 500 nm; melting temperature 3527ºC, boiling temperature 4300ºC; density 0.4 g/cm 3 , heat capacity 8500 J/ (kg·K); thermal conductivity coeffi cient 1.59 W/(m·K). The effect of modifying gray cast iron with modifi er was evaluated on the basis of results of metallographic and mechanical property analysis. Cast iron microstructure after mechanical tests was studied in longitudinal and transverse microsections in unetched and etched conditions. Evaluation of the original cast iron microstructure was performed according to GOST 3443-87, and gray cast iron chemical composition and mechanical properties ware controlled by GOST 1412-85.
In order to study extracted carbon particles for nanostructure content fractography and structure of cast iron specimen fractures, and rupture strength, an LEO 906E electron microscope and a JIB-Z4500 electron scanning microscope fi tted with an electron gun (LaB6) and ion gun (JEOL) were used.
Samples of foam and fl uorinated alumina were analyzed by x-ray fl uorescence analysis for content of F, Na, P 2 O 5 , S, and Fe. Carbon concentration was determined by a gas lumometric method. A Pioneer spectrometer (Bruker Corp.) was used in evaluating content of individual dispersed impurities.
Cast iron was melted according to existing manufacturing industry Kandalakshk Aluminum Plant production in an IST-0.16 induction furnace and an electric furnace crucible unit ISTA-0.4/0.32-I2. The process was accomplished in an open crucible with a melt working temperature of 1430-1450ºC, and pouring 120 kg into a ladle, melting time 2.5 h. An immersion thermocouple VR-5/2 was used in order to measure temperature. Gray cast iron SCh15 was modifi ed whose composition and mechanical properties are provided in Table 1 . Cylindrical specimens 16-25 mm in diameter were cast in sand molds, and the cooling rate was 4.3ºC/sec.
A series of experiments was carried out: 1) with a different weight of carbon modifi er: 46, 77, and 120 g; 2) with replacement of 50% standard metallurgical graphite by the carbon-containing part of carbon foam (nano-object content at the level of 0.1 wt.%); and 3) with feeding of a briquetted tablet of modifi er in the middle of the melting process, melt pouring on modifi er, and a "sandwich process."
Analysis of the three series of experiments with a different degree of cast iron SCh15 modifi cation (Table 2) showed that mechanical properties increase and correspond to grades SCh20 and SCh25 (GOST 1412-85). It may be stated that the weight of modifi er for specimen No. 1 is most effective on gray cast iron mechanical properties.
Results of research with replacement of 50% of standard metallurgical graphite by the carbon-containing part of carbon foam are presented in Table 3 and in Fig. 2 . The chemical composition and mechanical properties of test cast iron and reference materials were analyzed.
The chemical composition of test specimens (see Table 3 ) does not change considerably and corresponds to standard specifi cations. The microstructure changed, and in areas of test specimen breakage there was a fi ner grain size than for reference cast iron (see Fig. 2 ). Analysis of mechanical properties showed that the test cast iron is more acid resistant, i.e., weight loss in a mixture of weakly concentrated solutions of hydrofl uoric and sulfuric acids is less by 17% compared with the original. Test specimen hardness was 235 HB, which is signifi cantly higher than the index for a reference specimen, i.e., 150 HB. Ultimate tensile strength increased by 29% compared with normal cast iron. This series of experiments with different methods for modifi er introduction did not reveal marked differences in mechanical properties of SCh15 cast iron test specimens. This fact contradicts the opinion about the advantage of feeding modifi er by a "sandwich process" scheme [4, 8] . On the basis of results of metallographic studies for test specimens, it was established that the best distribution of modifying additive in the overall volume is achieved with feeding briquetted tablets in the middle of cast iron melting.
After breaking strength tests for specimens, breakage structure and fractography were studied. Analysis showed that all specimens have a structure of gray cast iron based on ferrite-pearlite with graphite of lamellar rectilinear shape type PGf1. In specimens with modifi er graphite inclusions have a nest-like convoluted structure type PGf4. The ferrite content is roughly 8% in accordance with the GOST for grade F8. The fi neness of ferrite-cementite mixture plates is approximately identical. In the original SCh15 graphite PGr1 is uniformly distributed throughout the material volume and the ferrite content is greater (45%), which corresponds to grade F55 according to GOST 3443-87. The average inclusion length of ≈500 μm, and corresponds to grade PGd750 (GOST 3443-87). The distance between cementite platelets equals ≈1-5 μm.
Specimens with addition of modifi er have a less uniform structure. The average graphite platelet length is 100 μm. However, regions are encountered within which graphite inclusions with length of ≈30-50 μm have a rosette distribution. Phosphide eutectic is present in almost all of the alloys considered. In modifi ed specimens, there is eutectic distributed uniformly and the average area of inclusions comprises 500 μm 2 .
It is well known that graphite inclusions, especially of lamellar shape, exist in the metal base of cast as notches, reducing mechanical strength and ductility. The best mechanical properties are exhibited by high-strength cast iron with spheroidal shaped graphite and forged cast iron, within which due to special annealing heat treatment precipitation carbon is provided in the form of fl aky particles [1] [2] [3] . In the practice of casting production from modifi ed cast iron, within the structure of the latter graphite is often not only spheroidal (or compact vermicular shape), but mixed with different proportions of lamellar, spheroidal, and compact graphite. The standard (GOST 3443-85) does contain these scales for qualitative evaluation of the average degree of graphite spheroidization (DGS).
Thus, the results obtained confi rm the expediency: 1) of performing industrial tests of modifi ed cast iron during casting nipple fi red anodes and cathode blooms, sections of bell-burner construction, and vacuum-nozzles;
2) of laboratory studies for the effect of carbon modifi ers on steel properties, ferrous alloys, and nonferrous metals , concrete mixes, polymer-bitumen coatings, carbon-reinforced plastic, glass, etc.
Conclusion. In studying the reasons for the formation of contaminants and methods of their effective decontamination and utilization, it has been established that carbon foam, electrolyzer dust from electric fi lters, and fl uorinated aluminum, contain nanostructures based on carbon. A theory has been proposed for formation of carbon nanotube formation during aluminum production. A technology has been developed for extracting carbon structures from starting raw material. With the aim of determining the modifying properties of carbon nanostructures, a series of cast iron melts has been made.
On the basis of these studies, the following conclusions have been drawn: 1) introduction of a small amount of modifi er during cast iron pouring leads to an increase pearlite content in a metal base and a change in graphite inclusion shape in cast iron from lamellar to nest-like;
2) the range of sizes and weight fraction of ultrafi ne particles selected for modifi cation corresponds to an alloy precipitation hardening mechanism. It has been established that the dispersed composition has a marked effect on the degree of change in graphite inclusion morphology;
3) the best distribution of modifi er in overall mass is achieved with feeding briquetted tablets in the middle of the cast iron melting process; and 4) addition of modifi er in an amount of 120 g containing 0.2 wt.% nanostructures has the best effect on gray cast iron mechanical properties.
